IntroductIon
Members of the former genus Scenedesmus s.l. were common in eutrophic waters all over the world. Hence taxa of that "genus" were described early in the 19 th century (e. g. Turpin 1820; 1828; Meyen 1828; eHrenBerg 1834; Corda 1835). Several of the early (before 1840) described taxa were insufficiently described and hence were often misinterpreted by later authors, especially the name S. quadricauda (Turpin) BréB. was used for nearly every spiny "Scenedesmus" species (Hegewald 1979 ). In Scenedesmus s. l. morphological very different taxa were included: ovate or spindle-like cells with or without spines. Therefore the "genus" was subdivided e. g. by CHodaT (1926) and more recently by Hegewald (1978) , who recognized three subgenera. These were later elevated to genera. Based on DNA studies the subgenus Desmodesmus was raised to genus rank (an et al. 1999 ) and based on morphological characteristic (spindle-like cells) the subgenus Acutodesmus was elevated to genus level by Tsarenko et peTlevanny (2001) . The species with obtuse cells but without spines and cell wall ultrastructure were left over and belong to Scenedesmus s. str. (Hegewald et al. 1988) . While the genus Desmodesmus was verified by van Hannen et al. (2002) , the genus Acutodesmus appeared to be polyphyletic (Hegewald & wolf 2003) and was later accepted by Hegewald et al. (2010) although splitting the genus Pectinodesmus. Hegewald et al. (2013) separated additionally the genera Chodatodesmus E.Hegewald and Verrucodesmus
E.Hegewald. Acutodesmus became recently a synonyme of Tetrades-mus (wynne & Hallan 2016).
The subsection Desmodesmus as described by Hegewald (1978) was best characterized by the cell wall ultra-structure which consists of an outer cell wall layer with net-like structure, lifted by tubes (piCkeTTHeaps & sTaeHelin 1975; koMárek & ludvík1972; Hegewald 1978 Hegewald , 1997 and rosettes covered or surrounded by tubes. The cells were linearly arranged in 2-8 celled coenobia, single cells were never produced. The cell shape was variable as also the spination, however, a quadricaudate spination was predominant, in some taxa additional spines or coenobia without spines were observed.
The subsection Desmodesmus included two series: Desmodesmus with the species D. communis (E. Hegewald) E. Hegewald) and D. protuberans (F.E. friTsCH et M.F.riCH) E.Hegewald as the here newly described taxa and the serie Maximi with the species D. maximus (W. et G. S. wesT) E.Hegewald, D. perforatus (leMMerM.) E. Hegewald and D. tropicus (Crow) E.Hegewald. Both series differed by the type of rosettes, which were covered by tubes in the serie Desmodesmus and surrounded by tubes in the serie Maximi (koMárek & ludvík 1972; Hegewald & sCHnepf 1979) . In the subsection Desmodesmus are the largest species of the genus Desmodesmus are recorded: D. maximus according to type description up to 36 μm (serie Maximi) and D. protuberans and D. communis var. polisicus P.M. Tsarenko et E.Hegewald (both up to 34 μm) (serie Desmodesmus).
The type of the section and subsection Desmodesmus was the Scenedesmus quadricauda CHod. (=D. communis (E.Hegewald) e.Hegewald (Hegewald 1978) . The Scenedesmus (Desmodesmus) communis E.Hegewald was based on "Scenedesmus quadricauda CHodaT et auct. plur. p.p. an BréB." (CHodaT 1926) but not on S. quadricauda (Turpin) BréB. The Desmodesmus communis differed from the Scenedesmus quadricauda significantly as was discussed by Hegewald (1977) . CoMpère & koMárek (1990) recommended the conservation of that name, which was done recently by conserving only the name and author of Achnanthes quadricauda Turpin (= Scenedesmus quadricauda (Turpin) BréB.) (Turpin 1828) but excluding its type (description or illustration) as also the first publication of that species (Turpin 1820) , hence thus producing a nomen nudum which was filled with the type description and type illustration of Scenedesmus (Desmodesmus) communis, which was already validly published in 1977 (greuTer et al. 2000 . A not acceptable treatment. The correct citation should be Achnanthes quadricauda Turpin sensu iCBn 2000 nom. illeg. because based on the type of Scenedesmus communis (Hegewald 1977) .
Preliminary work for a revision of the section was done by Hegewald & sCHnepf (1979) and Hegewald (1997) . A recent revision of serie Maximi was done by Jeon & Hegewald (2006) . Hegewald (1984) reported on high temperature tolerating strains of the section. The studied species of the subsection Desmodesmus had high temperature tolerating strains and no high temperature tolerating strains, but if isolated from tropical climatic zones the strains were mainly tolerating high temperatures.
DNA studies for the subsection were first done by pasCHMa & Hegewald (1986), the ITS-2r DNA was analyzed for D. communis by kiTsCHke (2001, alignment unpubl.), Hegewald et al. (2001) and Bica et al. (2012) . Complete18S DNA was available only for D. communis (kessler et. al. 1997) .
We studied the taxa (Table S1 ). D. communis var. polisicus described by Tsarenko et al. (2006) was not restudied here.
Although the species of that subsection were common in nature, they were rare in the strain collections (e. g. ACOI: 6 strains sub nom. Scenedesmus communis and S. smithii, AICB: 6, CCAP: 1, now after uptake of our strains: 34 and SAG: 1). A few strains of collections formerly identified as "Scenedesmus quadricauda" are misidentified taxa belonging to the Desmodesmus armatus group (Hegewald 1982; Hegewald 1989; Hegewald et al. 2005) or to D. maximus (strain collection UTEX) (Hegewald 1989 ).
MaterIal and Methods
118 strains were studied, 22 of these were used for ITS-2 rDNA analyses (Tables S1, S2 ). Most of the strains were from the collection of the first author (including strains of an, groeHn, HolTMann, JeeJi Bai and sToJkoviCH), several of these were transferred to the collection CCAP (Oban, UK). Some strains were received from felföldi (Museum Budapest), Hindák (private collection, Bratislava), SAG (strains collection Göttingen), ACOI (strain collection Coimbra, Portugal) and AICB (strain collection Romania).
The isolates were cultured in batch cultures, in a shaking-apparatus-and/or in aerated tubes. As nutrition the modified medium of Bourrelly For the size measurements one inner cell of 20 coenobia was used and about 100 coenobia were used for measuring the spines.
For size measurement of the cell wall net structure we used a Zeiss Videoplan. For each culture type we measured 50 structures of 10 photos of two specimens, resulting in a total of 3000 measurements.
For the transmission electron microscope, empty cell walls were enriched by sedimentation or centrifugation (if not studied immediately, they were preserved with glutardialdehyde or formaldehyde), washed with distilled water, air dried and studied under the TEM with no further treatment or after shadow casting with Au/Pd (30°). For sectioning they were conserved with 1% KMnO 4 . For the scanning electron microscope the cells were fixed with glutardialdehyde or formaldehyde, dehydrated in acetone steps, critical-point dried and sputtered with gold.
The complete ITS-2 rDNA sequences were determined as described in Hegewald et al. (2001) . The alignment editor of Hepperle (2002) Fig. 1 is given a synoptic overview on the studied taxa, their cell size data, morphology and electron microscopical cell wall structures.
Accepted taxa
Desmodesmus communis (E.hegewald) e.hegewald var. communis ( Figs 1I, 2, 3 ) A common species with wide range of cell length 9.0-23.1 µm (Tables 1,S2) but mainly stable cell wall ultrastructure (Figs 1, 3 Characterized by the short spines, often strongly curved and sporadically additionally short spine or spines one of the outer cells (Hegewald 1979; yaMagisHi & Hegewald 1998; Tsarenko et al. 2005 Although we weight ITS2 very high, the severe differences in morphology and cell wall ultrastructure forces us to keep the taxon at the level of a species (GenBank :  Table S1 ). Cell size see Tables 1, S2 . : Table S1 ). 0.9 μm). Outermost cell wall layer between cell poles often hardly visible. Rosettes wider than high. Bristles were freely produced.
Description of new taxa

Holotype: Fig 10.
Type strain : Hegewald 1986-24 (lost Type locality: Lake Houston, Texas, USA.
Habitat: Plankton of a large Lake. Etymology: The name was used because of the hitherto only known locality in the state of Texas. Habitat: Plankton of a stream lake. Etymology: Name was given because of the granules which are visible under the electron mikroscope.
Desmodesmus pseudocommunis
Remark:
The invalid Scenedesmus quadricauda (var. obtusospinosus) f. heterogranulatus had some similarity especially fig. 1 of HorToBágyi (1971), and it was of similar size: 19.5-26 μm. However, the name could not be used, because it was invalid. The cell shape was characterized by the ratio of cell length to cell width. The D. communis had a wide range (2.8-3.6:1), within this range were also all other studied taxa except D. protuberans var. protuberans (3.1-4.4:1). Hence this species had more elongated cells than the other taxa of the section (Figs 1, 8 ). This taxon was also characterized by the outer cells of the coenobia, which were longer than the inner cells. Size differences in cell length between inner and outer cells are also found in D. pseudoprotuberans (Fig. 14) , however, these are usually much less pronounced.
The spines in most taxa in the serie Desmodesmus were about cell length or shorter, in D. curvatocornis, which had spines shorter than the cell diameter (Tabs 1, S2). Beside quadricaudate specimens, spineless, bicaudate and heterocaudate specimens were found in D. schmidtii, strain Hegewald 1971-257 (Fig.  19) . While most of the studied taxa had a quadricaudate spination, the D. rectangularis had additionally short spines on one pole of the outer cells or more often short spines on one or several inner cells of the coenobia (Figs 6-7) and D. curvatocornis had sporadically an additional short spine on one pole of the outer cells (Figs 4c, 5b) .The D. pseudocommunis var. texanus sporadically had spines scattered over the cells, sometimes connected with fragmented ribs, which are found in all taxa of the subsection only in this variety (Figs 10, 11) . Spines are always bundle of tubes, but in var. texanus we observed a warty structure at the base of the spines (Fig. 11c) .
Single tubes were observed on the cells of D. curvatoronis (Figs 5e-f ).
Cell wall ultrastructure
We discussed following structures: nets, rosettes, and tube-like spacers.
Net-like structures:
All studied taxa had an outer cell wall layer, carried by spacer tubes (Figs 3a, 11a, 15c ). The outer cell wall layer had a reticulate net-like structure built of filaments attached on the outermost cell wall layer (Figs 5d, 9, 17d ). This reticulate structures were different in different taxa. The D. communis and var. polisicus, D. pseudoprotuberans, D. schmidtii and D. protuberans and its variety had a structure with very irregular meshes (e.g. Fig. 17d ), while D. pseudocommunis and D. curvatocornis had a very regular net-like structure with smaller mashes and stronger filaments (e.g. Fig. 5d ). For two strains of different taxa the net-like structures were measured. The structure was characterized by mesh area or largest diameter of the meshes. In Fig. 20 is shown the mesh area distribution for these two taxa. The D. pseudocommunis f. verrucosus (strain Hegewald 1975-230) had a small mash area and regular net-like structure, hence it had a sharp distribution peak for the mesh area, while D. communis (strain Hegewald 1974-8) had an irregular net of very different mesh-sizes, hence a flat and wide distribution curve. For the screening of many strains we measured the smallest and largest mesh diameter only (Table S2) .
Rosettes
The rosettes were special structures: openings in the outer cell wall layer for excretion of bristles (Fig. 16 ), which were produced from basal props (Figs 13a, f) . We distinguished four types of rosettes:
-type Ia composed of 4 or 5 (rarely 6) tubes, which lose their central walls at the bottom (Figs 3a, b) . Often one or several space holder tubes were attached (Fig. 3d, Table S2 ). These types of rosette were found in strains of D. communis with smaller cell sizes and in D. protuberans (Table S2 ).
-type Ib was similar to type Ia, but had additionally a central short tube. These types of rosette were found in strains of D. communis with larger cell sizes (Fig. 1 ). Often were found reduced or abnormal rosettes. In a few strains no rosettes were found. -type IIa was more complex and had a larger number of outer (9-14) and central tubes (2-4). The central tubes had a reduced central wall, hence forming one central opening (13d, h). In the upper part of the rosette the outer tubes were connected to the central tubes by rods (Fig. 13h) . This type is found in D. pseudocommunis. -type IIb differs by connections of the outer tubes which were ladder-like (Fig. 15d) . This type is found in D. pseudoprotuberans.
Tube-like spacers:
Between the three inner cell wall layers and the outer layer were tube-like spacers.
These tubes were in cross section 4-or 5-cornered, exceptionally 3-cornered or round. The D. communis has 4-corned tubes (rarely 5-or 3-cornered) as do also D. protuberans and D. pseudoprotuberans. The D. pseudocommunis has mainly 5-cornered and less common 4-cornered tubes. The section Maximi had circular tubes while D. intermedius (r.CHod.) e.Hegewald (subgenus Desmodesmus Section Intermedius) had three-cornered tubes only.
ITS-2
The eleven sequenced strains of D. communis as additional data from GenBank (Table S1) (Fig. 21) . Two strains of D. schmidtii (Hegewald 1971 -257, Hegewald 1981 were morphologically similar with D. communis but the outer cells could be a little bit larger than the inner ones. However, in ITS-2 (strain Hegewald 1981-14, Fig. S5 ) they fit into the D. protuberans-group (Fig. 21) . The D. schmidtii strains differ from D. protuberans by 3-5 bases and from D. communis by 6 bases (Table S3 ). The D. protuberans differed from D. communis by 5-7 bases (Table S3) The D. rectangularis differs from D. communis by 2 bases only (Fig. S1, Table S3 ), the D. pseudocommunis by 5-6 (Fig. S3, Table S3 ) and the D. pseudoprotuberans by 8-9 (Table S3 , Fig. S4 ). The members of the related serie Maximi differ by 25-29 bases from D. communis. All taxa of the serie Desmodesmus had no CBC (compensatory base change) between each other but they had 1-5 CBC´s compared to serie Maximi (Table 2) . For all studied taxa most base exchanges were in helix I and II: 21, in helix III there were two and in helix IV there were three (Fig. S6) .
For the serie Desmodesmus most of the base exchanges were in loops. If we count the changes in helices only, the D. communis is distinguished from 
dIscussIon
The recent unforced conservation of the species name Achnanthes (Scenedesmus) quadricauda Turpin in the ICBN (Greuter 2000) should be followed. However, we do not recommend doing it, because this conservation has to be reconsidered. Beside the fact, that A. quadricauda is related to the Desmodesmus armatusgroup, but different from Desmodesmus communis (Hegewald 1977) , it makes no sense, to retain a name with author name, but exclude its type and use instead as type a strain of a different taxon "[specimen from strain] Hungary, Lake Belsö-tó, Hegewald 1971/ 256 (Research Center Jülich, Germany) (typ. cons.)". This strain was already the type of Scenedesmus communis Hegewald (1977) and it cannot be used for two different taxa. The strain was lost years ago. However, fixed samples of the strain were distributed to different herbaria. This strain was isolated in 1971, hence about 150 years after the description of Achnanthes quadricauda.
The first illustration of the A. quadricauda was about 1820 by Turpin (1816 Turpin ( -1829 . This taxon is similar to D. armatus var. longispina (CHodaT) e.Hegewald et Hindák, while A. quadricauda of Turpin (1828) resembles D. opoliensis (P. riCHT.) E.Hegewald as discussed by CHodaT (1913 CHodaT ( , 1926 , see also Hegewald (1977) . In order not to not fall back to the confusion of the past, we recommend using the name Desmodesmus communis (e.Hegewald) e.Hegewald for a well-defined taxon instead of using of the name "Achnanthes/ Scenedesmus quadricauda". Sporadically in literature the combination "Desmodesmus quadricauda (Turpin) E.Hegewald" was also found, but it is an invalid combination. E. Hegewald never used such a combination and would not do so.
A synopsis for the group studied here is given in Fig. 1 . The D. communis was well described by Hegewald (1977) . However, our studies here, based on EM and DNA, showed the existence of several closely related taxa. The D. communis is in nature a common taxa (Table S1 ). Under light microscope, under elec- tron microscope and/or according to ITS-2 base sequence it was distinguishable from other taxa of the group. Desmodesmus communis had a wide range in cell size and all other taxa studied here were within this cell size range, except the D. protuberans which had the outer cells longer than inner of the coenobia (for our comparison only inner cells of the coenobia were measured) and additionally it had more elongated cells than D. communis. For D. protuberans a forma minor was also described by ley (1947). Its cell size range was 22-25 μm, hence in the range of D. protuberans. The D. protuberans var. communioides differed from D. protuberans var. protuberans in two bases only, but it is somewhat smaller in cell size and the outer cells of the coenobia were not or only slightly longer than the inner cells. Morphologically it was hardly or not at all possible to distinguish the taxon from D. communis. In ITS2 it differed from D. communis and was clearly close to D. protuberans (Fig. S1 ), hence we treated it as a variety of D. protuberans and not of D. communis. The first author, although he studied the genus for decades, had determined the strain UTEX 76 as D. communis (Hegewald 1989) . The strain UTEX 76 is identical with strain SAG276/4b (Hegewald 1982) (Fig. 17) , e.g. UTEX 76 (GenBank AM410660) and SAG 276/4b (unpublished data of kiTsCHke) had one base exchange (position 221), and strains EH 52, EH 84, ET 85 of vanorMelingen in position 24.
The cell size depended on temperature (koMárek & Ružička 1969 ) and other culture condi-tions as was shown in Table 4 . Medias having low salt concentration produced smaller cells. Therefore in medium CHU X the smallest cells were always produced, in the medium of Pringsheim with additional CO 2 the largest coenobia were produced. Intermediate were cultures with medium Pringsheim, but without additional CO 2. Hence for the group (serie Desmodesmus) studied herein, the cell size is not always useful for distinguishing the studied taxa.
Desmodesmus curvatocornis was not a true planktonic species, in culture the strain Hegewald 1977-144 was "foaming in pack" and sedimentated easily. Although it is not different from D. communis in ITS2 it is morphologically strikingly different from that species and a relationship between these species was never suspected. However, it was overlooked that the outer cell wall layer was visible between the cell poles even under the light microscope, which clearly indicates its relationship to D. communis. The spines of the taxon are short and often strongly curved. Extraordinary for the subsection are the single tubes scattered on the surface (Figs 5c, e) . Eventually these are responsible for the above mentioned cell packs.
The D. rectangularis differed under the light microscope from D. communis var. communis in cell shape and spine length. The cell tips were not acute as in the typical variety but were obtuse to truncate. Additionally short spines were often produced in a polar region on one of the cell poles of the outer cells and of the neighboring cell of the coenobia (e.g. ACOI 1438 sub nom. "Scenedesmus smithii Chodat", see http:// acoi.ci.uc.pt/spec_detail.php?searchSpecie2=ACOI-1438&cult_id=1498 and Fig. 6 ). The Scenedesmus smithii CHodaT had some morphological similarity, but the taxon had a much smaller cell size than D. rectangularis and it seems to be another taxon. All seven strains of D. rectangularis had only two differences in ITS2 compared to D. communis: a semi-CBC in helix I and one exchange in the end loop of helix III (Fig. 16) .
The five strains of D. pseudocommunis and its variety and forma, had compared to D. communis one semi-CBC and 5 exchanges in loops (Fig. 18) .
The five sequenced strains of D. pseudoprotuberans (including its variety and its forma) had eight differences to D. communis: four in loops, one additional base in a loop and three semi-CBC´s (Fig. 19) . The morphology of species resemble D. protuberans by longer outer than inner cells but it is smaller in size.
In Fig. 21 the development of the different taxa was shown. Most taxa apparently were developed in one step only, but in the D. pseudocommunis-branch the subtaxa f. verrucosus and var. texanus (not mentioned in Fig. 21 because not ITS2 data were available) were included. These taxa differ not in ITS2 (as far as analyzed), but in cell wall ultrastucture only. However, the "D. protuberans branch" is subdivided and included D. protuberans and its var. communioides, D. pseudoprotuberans and D. schmidtii. All these taxa were similar in cell wall ultrastructure to D. communis (although reduced structures in D. schmidtii) but differed in ITS2.
Although the differences of the taxa in ITS2 are low in number, these differences were consistent in all strains of the taxa. We put our main weight on the ITS2 data and on the cell wall ultrastructure. Table S1 . List of strains, locality of origin and GenBank number. Table S2 . Size measurements of cultured strains. Table S3 . Pairwise comparison of the strains of the serie Desmodesmus. Table S4 . Key for LM characteristics for Subsection Desmodesmus. Table S5 . Key for EM characteristics. Table S6 . Key for ITS-2 characteristics. Numbering of bases see Fig. S1 . This material is available as part of the online article (http:// fottea.czechphycology.cz/contents)
